Objectives: Ureteral stenosis is a common complication after a kidney transplant. Treatment for ureteral stenosis ranges from interventional procedures to open surgery. The aim of this study is to present classification for ureteral stenosis and recommend the targeted strategy for effective treatment. Materials and Methods: Twelve cases of ureteral stenosis were diagnosed among 193 kidney transplants, of which 91 were from a live donor and 102 from a deceased donor. The mean age was 46.22 ± 13.23 years. The diagnosis of ureteral stenosis includes serum creatinine elevation, hydronephrosis, and presence of stricture on a pyelogram. The criterion for classification is based on the severity of stricture. Results: One of ureteral stenoses was classified as grade 1, six were grade 2, and five were grade 3. Of 12 cases, 10 were live-donor kidney transplant, 4 had lymphocele, and 2 had a hematoma after transplant. The corresponding strategy for each grade of ureteral stenosis is as follows: grade 1, ureteral stent reinsertion; grade 2, cutting balloon dilatation or endoscopic incision of stenosis; grade 3, open surgery urinary tract reconstruction. All cases were successfully treated using these strategies.
Introduction
Kidney transplant is the definitive treatment for end-stage renal disease. Long-term outcomes have been improved significantly with current immunosuppressive regimens. Ureteral stenosis (US) is one of the most common urologic complications and has been reported in 2.6% to 15% of transplanted patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] This wide range probably reflects differences in definitions of urologic complications after kidney transplant. Treatment for US ranges from a minimum interventional procedure to open surgical reconstruction of the urinary tract. However, there is a lack of criteria for classifying US and targeted options for treatment in the literature. This study aims to present classification criteria for US and to determine associated strategies for prompt and effective treatment that avoid unnecessary procedures.
Materials and Methods
Review and analysis of patient clinical records were undertaken with the approval of the hospital quality improvement committee and human research ethics committee. All protocols were approved by the ethics committee of the institution before the study began, and the protocols conformed with the ethical guidelines of the 1975 Helsinki Declaration.
From January 2005 to July 2010, one hundred ninety-three kidney transplants (132 men, 61 women; mean age, 46.22 ± 13.23 y; range, 18-71 y) were performed at Sir Charles Gairdner Hospital, Perth, Western Australia. Of 193 recipients, 91 were live-donor (LD) kidney transplants, and donor nephrectomies were performed using the transperitoneal laparoscopic approach. 10 There were 102 deceased-donor (DD) kidney transplants. Transplant surgery was the standard technique with the renal vein anastomosed end-to-side of the external iliac vein, and the renal artery anastomosed end-to-side of the external iliac artery or end-to-end of the internal iliac artery. In all cases, the method for ureteroneocystostomy was the Lich-Gregoir technique with ureteral stent placement. A Foley catheter was inserted into the bladder for 5 days. The ureteral stent was removed by flexible cystoscopy 4 to 6 weeks after transplant. A suction drain was placed routinely and removed within 48 hours, or when the drain volume was less than 50 mL. The immunosuppressive regimen was a triple therapy with or without basiliximab induction.
Diagnosis of US was based on kidney function deteriorating, hydronephrosis on ultrasound, and identifying a ureteral stricture on a pyelogram. The degree of US was classified as grades 1, 2, or 3, depending on its severity and nature. Twelve of the 193 kidney transplant patients developed US. Their ages ranged from 30 to 71 years, and there were 8 men and 4 women. Ten cases were a first kidney transplant at the right iliac fossa, while 2 cases were a second kidney transplant at the left iliac fossa. Of the 12 cases of US, 10 recipients had LD transplants, whereas 2 recipients had DD transplants. The time between kidney transplant and diagnosis of US ranged from 4 weeks to 9 months, with follow-ups from 6 months to 5 years. Methods for treatment of US ranged from minimally interventional procedures, such as percutaneous antegrade cutting balloon (Boston Scientific Corp, Natick, MA, USA), dilatation, and stent insertion, to endoscopic incision of the US and open surgery of urinary tract reconstruction.
Among the 12 patients with US, 4 had perigraft lymphocele after kidney transplant. One patient had a kidney graft rupture 4 days after transplant, for which surgical exploration and repair were performed. One patient developed a perigraft hematoma secondary to a renal graft biopsy 3 weeks after transplant that required surgical exploration and evacuation of the hematoma. This study excludes urinary leaks, as there were only 2 cases (1%) in this cohort.
statistical analyses
Logistic regression was used to model the relations between US and age, sex, donor type (LD or DD), and posttransplant complications (present or absent). Odds ratios and 95% confidence intervals are reported. Hosmer and Lemeshow statistics were used to test the multivariate logistic regression models for goodness of fit. Analyses were conducted using SPSS software (SPSS: An IBM Company, version 18.0, IBM Corporation, Armonk, NY, USA). Statistical significance was set to .05. Table 1 , one case was classified as grade 1 ( Figure 1 ). This case presented with increased serum creatinine (SCr) and hydronephrosis on ultrasound, but there was no obvious stricture identified on the pyelogram. This case was successfully treated with cystoscopy and ureteral sent reinsertion for 6 weeks. Six cases that presented with increased SCr, hydronephrosis on ultrasound, and significant focal stricture (< 1 cm) at the site of ureteroneocystostomy on the pyelogram were classified as grade 2 ( Figure 2 ). Of the 6 cases, 4 underwent cystoscopy and incision of the ureteral orifice with stent placement for 6 weeks. Two cases were treated with percutaneous antegrade cutting balloon dilatation at the stenosis area and stent placement for 6 weeks. The remaining 5 cases were classified as grade 3 ( Figure 3 ) and presented All cases of US were treated successfully with the procedures described. There was no graft loss, no further complication, and no patient death caused by US on follow-up from 3 to 58 months, with median follow-up of 22 months. The hydronephrosis resolved completely in 11 cases and 1 case improved with mild prominent of collecting system on ultrasound. The graft function improved dramatically after stenosis resolution. Levels of SCr were maintained at 138 ± 29.4 μmol/L on follow-up, compared with 263 ± 63.8 μmol/L before treatment. Donor type and presence or absence of complications, such as graft rupture, lymphocele, or symptomatic hematoma were significantly associated with US (see Table 2 ). In those recipients without US, 9 cases developed perigraft lymphocele/hematoma (4.7%). After adjusting for age, sex, and presence of complications, patients with a LD had 4.5 times greater odds of experiencing a US than did patients with a DD. After adjusting for age, sex, and donor type, patients with complications had 29.5 times greater odds of US than did patients without complications.
Results

As shown in
Discussion
Surgical complications, consisting predominantly of US and urine leakage, are a major cause of morbidity, delay graft function, graft loss, and patient mortality after kidney transplant. 11, 12 The incidence of ureteral complications ranged from 3% to 14% among different transplant units. 1, [12] [13] [14] [15] Ureteral stricture is more commonly encountered (3% to 8%) 1, 5, 16, 17 than is urinary leakage (1.55%). 17 These 2 major complications can be promptly identified and repaired or corrected without compromising graft function in the long term. However, if treatment is delayed or inappropriate, graft loss or patient death may result. 12 The cause of US is known to be a poor organ recovery with destruction of ureteral blood supply or anastomotic technique error. Other risk factors include administering steroids, chronic rejection, and/or virus infection. 2, 16, 20, 21 It has been observed that the features of presentation of US are associated with its causes. To perform prompt, effective treatment, we recommend the following 3 level classifications, based on the degree of US after a transplant. Grade 1 US is defined as graft function deterioration with presence of hydronephrosis on ultrasound, but no obvious stricture identified on a pyelogram (Figure 1 ). It is usually caused by ureteral edema or debris in the collecting system. Grade 2 US is defined as SCr elevation, presence of hydronephrosis on ultrasound, and a focal (< 1 cm) distal ureteral stricture at the ureteral anastomotic site on a pyelogram. It is usually caused by a technique error or fibrotic hyperplasia at the anastomosis (Figure 2 ). Grade 3 US is defined as SCr elevation, hydronephrosis on ultrasound, and a long segment (> 1 cm) distal ureteral stricture extending to proximal ureter or pelvis on pyelogram. It is usually caused by ischemic damage to the ureter or fibrosis secondary to virus infection or rejection (Figure 3) .
Classification of US is useful in making precise, targeted decisions about the most effective treatment and reducing unnecessary procedures. Based on the classification grade, the associated strategy can be determined promptly. The strategy for grade 1 US is prolonged ureteral stent insertion for 6 weeks. The ureteral stent insertion is preferably by cystoscopy; 4B , and 4C). In our series, there was one grade 1 and six grade 2 US; all of which responded effectively to the associated treatment. There were 5 cases classified as grade 3, of which 3 were initially treated by interventional procedures, and then subsequent open surgery urinary tract reconstruction was necessary as the stenoses recurred. Subsequently, two grade 3 US were treated with open surgery reconstruction as the first-line therapy to avoid unnecessary interventional procedures. All cases resolved completely after being treated according to the classification strategy. There were no further complications and no mortality resulting from US on follow-up. Before introducing the interventional radiology procedure, in our clinical practice, the therapy for US was always open surgery urinary tract reconstruction. There are reports of success rates of 69.5% to 85% in treating US by interventional radiology. 12, [22] [23] [24] [25] [26] Therefore, the endoscopic or percutaneous pyelogram and dilatation of stenosis had become used commonly as a first-line treatment in some transplant units. However, using these interventional procedures for grade 3 US increase the risk of infection owing to prolonged external/internal drainage. Classification of US provides guidance for precise decision making regarding the most effective treatment strategy and avoids unnecessary procedures and further complications.
In the papers that we reviewed, there were no selection criteria for the types of cases that should have responded well to interventional procedures, although it was observed that short perianastomotic stricture had better results. 26 In our series, 3 of 5 grade three US had an interventional procedure of cutting balloon dilatation and stent reinsertion as a first-line therapy, but the stenosis recurred soon after stent removal. Surgical reconstruction was subsequently performed and the stricture was corrected completely. Therefore, for grade 3 US, reconstruction surgery is a better option than is an interventional procedure. By referring to these new classification criteria, identifying the grade of US, and using the associated strategy, unnecessary procedures can be avoided.
For surgical repair of grade 3 US, bladder or Boari flap reanastomosis to the proximal ureter/renal pelvis is preferred in our unit. The technique is to perform bladder mucosa to ureter anastomosis with bladder muscular layer to periureteric tissue stitches as a second layer. There were no further complications after urinary tract reconstruction, and all US were corrected completely with satisfactory results. We prefer to use internal stents rather than external drainage to reduce the risk of infection. Scheduling surgery should be done as early as possible to avoid prolonged percutaneous drainage or the stent placement.
In addition, we found that US was associated with the donor group in this series. This included 10 cases of which 4 were grade 3 US were from LD kidney transplants. The risk may be related to the laparoscopic technique, as increased ureteral complications were reported in recipients from laparoscopic donor nephrectomy compared with open donor nephrectomy. 3, 4, 27 The manipulation of the ureter during the laparoscopic donor nephrectomy may have an adverse effect on the ureter blood circulation, although the periureter tissue is preserved. There was no technique difference identified in dealing with ureter dissection and division between the donors whose recipient developed US and those who did not. Laparoscopic donor nephrectomy has been a consistent technique to preserve the gonadal vein with the ureter as well as periureteric tissues. Therefore, extra care is required during ureter and renal hilum dissection to prevent subsequent ureteral ischemic damage.
Ureteral strictures in our group are significantly related to posttransplant complications. The incidence of lymphocele and perigraft hematoma was significantly higher in US group compared with those without US (50% vs 4.7%; P < .001). In 5 of the grade 3 US patients, 1 patient developed graft rupture 4 days after transplant surgery. The patient required surgical exploration and repair of the ruptured graft. Three recipients had lymphocele at the lower pole of the kidney graft, which was treated by percutaneous drainage and povidone-iodine instillation. One patient had a perigraft hematoma secondary to renal graft biopsy, for which surgical exploration and evacuation were necessary.
In conclusion, this classification of US provides guidance for effective management of US after kidney transplant, with accurate diagnosis and targeted strategies that avoid unnecessary procedures and further complications. In addition, US is significantly associated with LD kidney transplant and complications such as lymphocele and symptomatic hematoma. Extra care must be taken during laparoscopic donor nephrectomy to prevent ischemic damage to the ureter, and all efforts should be made to prevent lymphocele formation and perigraft hematoma.
